were only expressed when they were integrated into the chromosome. Such recombination took place in Rec+ rec-2 mutants but not in rec-l mutants.
The plasmids pMB1 and pMB2 (1) are derivatives of the cloning vector pDM2 (6) , into which a piece of Haemophilus influenzae chromosomal DNA has been inserted. This 1.7-kilobase-pair insert contains the novAl and novBI mutations of the gyrase B subunit gene (8) ; pMB2 contains two of these pieces in the same orientation, whereas pMB1 contains only one. The parent plasmid and the two derivatives confer resistance to chloramphenicol. Since neither of the plasmids can express the novobiocin resistance mutations because only part of the gyrase B subunit gene is present (1; K. Griffin and J. K. Setlow, unpublished data), novobiocin resistance in a recipient cell normally lacking these mutations is only evident when there has been integration of the relevant part of the plasmid DNA into the recipient genome. Previously, genetic exchange between the H. influenzae chromosome and a plasmid carrying a region homologous to the chromosome was only observed immediately following transformation (1) . We show here that following transformation of a novobiocin-sensitive recipient cell to chloramphenicol resistance by these plasmids, when the transformation event itself did not cause novobiocin resistance by recombination of novA) and novBI into the recipient chromosome, subsequent growth of the culture containing the plasmids resulted in a small fraction of novobiocin-resistant recombinants.
Wild-type H. influenzae and rec-l or rec-2 mutants (7) were transformed by purified pMB1 or pMB2 by the M-IV method (9) and selected for chloramphenicol resistance. Cultures of the wild type and rec-2 transformants contained a small number of novobiocin-resistant cells (Table 1) . However, such resistant cells were not observed in rec-l transformants, and spontaneous mutation to novobiocin resistance was well below the frequency in rec-2 transformants and in the wild type. The variation in the frequency of novobiocin-resistant cells in wild-type cultures grown following transformation was between 9 x 10-6 and 2 x 10-4, suggesting that recombination between pMB1 or pMB2 and the chromosome took place at random times during growth. There was no significant difference between the effect of pMB1 and that of pMB2, despite the fact that pMB2 contains two copies of the chromosomal insert. Transformation to novobiocin resistance by the plasmids was also unaffected * Corresponding author. by the two copies (1) . The results with rec-2 transformants were shown to involve the transfer of plasmid genes into the chromosome by the fact that variants of the novobiocinresistant transformants lacking the plasmids were all novobiocin resistant. Lysates (2) of clones originally showing no evidence of novobiocin resistance were made after further growth of the transformants. In a relatively large fraction of the lysates (24 of 38), the novAI mutation (which confers resistance to 2.5 jig of novobiocin per ml) was separated from the novBI mutation (which, combined with the novAI mutation, confers resistance to 25 p.g of novobiocin per ml). These two mutations are normally very difficult to separate by transformation (3, 8) .
Another instance of recombination during growth with the same Rec dependence as that observed with pMB1 and pMB2 is that of the rare conversion of plasmid RSF0885 from monomeric to multimeric form (5) . Similarly, postreplication repair of UV damage is like that of the wild type in rec-2 mutants but is lacking in rec-l mutants (4) . Thus, these three types of recombination, plasmid-to-chromosome gene transfer during growth, formation of plasmid multimers, and postreplication repair, must have at least in part a common mechanism that differs from the mechanism of transformation and phage recombination, since the latter two are very defective in rec-2 strains (7).
